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INTRODUCTION

Detedion of exadt amount of hydrogen-phosphate ion
has been becoming very important for the protedion o
global environment. So far, many kinds of compad
hydrogen-phosphate ion sensors, such as ion-selective
eledrodes (ISEs) [1], bio-related systems, and
amperometric sensor devices [2] have been investigated.
However, they have some problems with resped to
sensitivity, selectivity, stability, and sensing conditions
for the pradicd applicaions. Recently, we have
developed opto-eledrochemicd hydrogen-phosphate ion
sensors based upon eledrochromic readion of metal
oxides (Cos04, NiO) [3,4]. Here, we report on the
sensing properties of the electrochromic-type hydrogen-
phosphate ion sensors based on Co-/Ni- based spinel-type
oxide thin-film electrodes.

EXPERIMENTAL

Spinel-type oxide thin-film eledrodes (MnCo,0y,
NiC0,0,, NiFe,O4, Co,CrOy, Ni,CrO, etc.) were prepared
by a spin-coating method. Organic solutions of ethanol
with metal octylates or aqueous lutions of metal nitrates
with poy (vinyl acohol) (PVA) or pady (vinyl
pyrrolidone) (PVP) were spin-coated onto indium-tin-
oxide (ITO: 10 Q/sg.) glass substrates, dried at 150°C,
and then calcined at 450°C for 2 h. The products were
charaderized by means of XRD, FE-SEM, AFM, etc.

Eledrochemicd and optical properties of these oxide
thin-film eledrodes for sensing hydrogen-phosphate ion
were investigated at room temperature in a quartz
eledrochemical cdl which was placel in a
spedrophotometer and connected to a potentiostat. An
Ag/AgCl and a Pt-wire were used as a reference and a
counter eledrode, respedively. A sample solution was
prepared by mixing K,HPO, with 0.1 M ammonium
acdate-ammonia buffer solution adjusted to pH = 9.3.

RESULTSAND DISCUSSION
Preparation of spinel-type oxide thin-film
Spinel-type oxide thin-films of MnCo0,0,;, NiC0,0,,
NiFe,O, could be prepared on ITO glass substrates from
their metal-octylates at 450 °C. While, those of Co,CrO,
and Ni,CrO, could be obtained from their metal nitrates
with addition of PVA (7.5wt%) or PVP (1wt%) aqueous
solution. X-ray diffradion analysis of the obtained thin-
films revealed that the oxide thus prepared exhibited well -
crystalized and almost single-phase spinel-type oxide.
SEM observation of the MnCo,O, thin-film revealed that
the surface of the film was relatively smooth and
consisted of fine homogeneous grains of dimensions of
about 20-30 nm. The thicknessof the film with one spin-
coating was estimated to 206400 nm by SEM.

Opto-€electrochemical properties

The oxide (MnCo,O,) thin-film eledrodes exhibited a
reversible change in the absorbance at 400-800 nm,
between 0V and +0.8 V (vs. Ag/AgCl), which shows that
an eledrochromism could be occurred in this condition.
Further more, it was found that the change in the
absorbance of the MnCo,O, thin-film a 500m was
depended on the HPO,* concentration. Figure 1 shows
the change in the absorbance at 500 nm for the MnCo,0,
eledrode & a function d K,HPO, concentration. The
absorbance d& 500nm of the film a +0.8V was amost
linea to the logarithm of the HPO,® concentration
between 1.0x10° and 10x10°M. The sensor responded
reversibly and the 90% response time, when the dectrode
potential was changed from +0.80 to O V vs. SCE at
1.0x102 M, was about 40 s at room temperature. Among
the spinel-type oxide thin-films tested, the MnCo,0,4-
system showed the best HPO,* sensing performance The
sensitivity, the slope for absorbance vs. HPO,*
concentration, for the MnCo,O, based element was as
high as ca — 2.72 x 102 Abs/decale, which was almost
the same value (+2.66 x 10° Abs/dec) of that for the
NiO-based element [4]. On the other hand, the
sensitivities of NiCo,O, and NiFe,O, —based elements
were @ low as +1.90x10° and +1.00x10* (Abs/dec),
respedively. While, the Co,CrO, and the Ni,CrO, based
elements showed poa stability. It was further found that
the slope for the MnCo,0, based element was compl etely
oppasite in sign from those of the other oxide based
elements, which seems to show the different anodic
eledrochromic properties between the MnCo,0O, based
eledrode and HPO,>. The MnCo,0,-based element also
showed high selectivity to HPO,*, among the tested
anions of HPO,” , CI", NO3, and SO,*.
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Fig. 1 Sensing performance of the MnCo,0, thin-film
electrode based electrochromic hydrogen-phosphate
ion sensor
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